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® A non-aqueous secondary electrochemical bat- 
tery (1) which comprises a complex oxide containing 
lithium for a cathode (6), a carbon material for an 
anode (4), and a mixed solvent for an electrolyte is 
disclosed. The mixed solvent is obtained by dissolv- 
ing an inorganic salt in a mixture of a cyclic ester 
and a chain ester. The cyclic ester is selected from 
the group consisting of ethylene carbonate, pro- 
pylene carbonate, butylene carbonate, and y 
butyrolactone. The chain ester is selected from the 
group consisting of diethyl carbonate, dimethyl car- 
bonate, ethyl formate, methyl formate, ethyl acetate, 
methyl acetate, and dimethyl sulfoxide. In this way, a 
non-aqueous secondary electrochemical battery hav- 
ing improved cycle life capabilities, discharge perfor- 
mance, and low temperature performance can be 
obtained. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a non-aqueous 5 
secondary electrochemical battery comprising a 
complex oxide containing lithium for a cathode and 
a carbon material for an anode, and more particu- 
larly, to a non-aqueous secondary electrochemical 
battery having improved cycle life capabilities, dis- w 
charge performance, and low temperature perfor- 
mance. 

2. Description of the Prior Art: 

75 

Recently, various kinds of portable or cordless 
electronic equipment have been developed one 
after another, and as a power source for driving 
these equipment, the demand for small-sized and 
lightweight secondary batteries which have high 20 
energy density has increased. In this respect, be- 
cause of their high voltage and high energy den- 
sity, non-aqueous secondary lithium batteries have 
been desired. 

As for secondary batteries, nickel-cadmium 25 
batteries and lead acid batteries having excellent 
performance capabilities are commercially avail- 
able. Therefore, when non-aqueous electrochemical 
batteries are used as secondary batteries, it is 
desired that cathode active materials for these bat- 30 
tefies have high energy density, that is, high ca- 
pacity and high potential. 

As a cathode active material, a complex oxide 
containing lithium is well known. For example, 
U.S.P. 4,357,215 discloses a battery comprising 35 
UC0O2 as an active material for a cathode. 

On the other hand, U.S.P. 4,423,125 discloses 
a non-aqueous electrochemical battery which com- 
prises a carbon material for an anode instead of 
lithium metals or lithium alloys. Since this battery 40 
uses carbon material capable of occluding and 
releasing lithium ions, it exhibits safety and good 
cycle life capability. 

Moreover, Japanese Laid-Open Patent Publica- 
tion No. 63-121260 discloses a combination of 45 
these US Patents, in which UC0O2 and a carbon 
material are used for a cathode and an anode, 
respectively. 

Generally, when a lithium metal is used for an 
anode, active dendritic products (dendrites) pro- 50 
duced on a surface of the anode are reacted with a 
non-aqueous solvent to partially decompose the 
solvent during charging. As a result, charge effi- 
ciency is lowered. In this system, the maximum 
charge efficiency is approximately in the range of 55 
98 to 99%. The same results are also obtained 
when a lithium alloy is used for the cathode. 



When a carbon material is used for an anodfc, 
it is required that a complex oxide containing a 
lithium, e.g., UC0O2, be used as a cathode. Stnce 
lithium metal is not used for the anode, dendrites 
are not produced on the surface of the anode 
during charging. As a result, the cathode and an- 
ode are kept free from the passage of the den- 
drites through a separator, which would otherwise 
cause a short circuit therebetween. The battery can 
be prevented from igniting or exploding. In this 
way, the secondary battery which is safe and ex- 
cellent in cycle life capabilities can be obtained. 
However, discharge-charge cycles involve a de- 
composition of a solvent for a non-aqueous elec- 
trolyte as a side reaction, which gradually deterio- 
rates the characteristics of the battery. As a result, 
the charge efficiency can not become 100%. , 

It is assumed by the inventors that the reason 
for the above-mentioned side reaction is as follows: 

When the carbon material is used for the an- 
ode, it is desired that lithium ion alone be inter- L ' 
calated between layers of the carbon material. 
However, the solvent which is coordinated to the 
lithium ion is also intercalated between the layers, 
and then, the solvent is partially decomposed. That - 
is, the solvent whose molecular diameter is large is . ; ... 
not intercalated between the layers, so that the 
solvent is partially decomposed at the entrance 
thereof. 

Examples of a solvent for an electrolyte of the 
above-mentioned lithium battery preferably include 
esters such as propylene carbonate and ethylene 
carbonate. U.S.P. 4,805,596 also discloses that an 
ester-based electrolyte is preferably used when 
UC0O2 is used for a cathode. 

One of the requirements for a solvent suitable 
for a lithium battery is a high dielectric constant, 
that is, capability of dissolving a large amount of 
inorganic salt which is a solute. The above-men- 
tioned propylene carbonate and ethylene carbonate 
satisfy this requirement, while these esters have 
cyclic structures and molecular diameters that are 
larger compared with the width of the lagers of the 
carbon material. Therefore, when a lithium ion is 
intercalated between the layers, this type of solvent 
is partially decomposed, resulting in the partial 
destruction of the carbon structure. 

On the contrary, chain esters are readily inter- 
calated between the layers because of their struc- 
ture. Examples of the chain esters include 
dimethylformamide, acetonitrile, diethyl carbonate, 
and ethyl acetate. However, they also have prob- 
lems. That is, dimethylformamide and acetonitrile 
are reactive to lithium. Although diethyl carbonate 
and ethyl acetate are not reactive to lithium, they 
have a low dielectric constant, so that they are 
unable to dissolve a large amount of inorganic salt. 
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To solve the above-mentioned problems, ac- 
cording to the present invention, a mixed solvent 
containing a cyclic ester and a chain ester is used 
as a solvent for an electrolyte, whereby a large 
amount of inorganic salt is dissolved and a lithium 
ion with a chain ester is readily intercalated and 
deintercalated between the layers of the carbon 
material without the decomposition of the solvent 
and the destruction of the carbon structure. 

SUMMARY OF THE INVENTION 

The non-aqueous secondary electrochemical 
battery of this invention, which overcomes the 
above-discussed and numerous other disadvan- 
tages and deficiencies of the prior art, comprises a 
complex oxide containing lithium for a cathode, a 
carbon material for an anode, and a non-aqueous 
lectrolyte, wherein the non-aqueous electrolyte is 
obtained by dissolving an inorganic salt in a mixed 
solvent containing a cyclic ester and a chain ester. 

In a preferred embodiment, the cyclic ester is 
at least one selected from the group consisting of 
ethylene carbonate, propylene carbonate, butylene 
carbonate, and y-butyrolactone. 

In a preferred embodiment, the chain ester is 
at least one selected from the group consisting of 
diethyl carbonate, dimethyl carbonate, ethyl for- 
mate, methyl formate, ethyl acetate, methyl ace- 
tate, and dimethyl sulfoxide. 

In a preferred embodiment, the inorganic salt is 
at least one selected from the group consisting of 
lithium tetrafluoroborate, lithium hex- 
afluorophosphate, lithium hexafluoroacenate, lithium 
trifluoromethanesulfonate, and lithium perchlorate. 

In a preferred embodiment, the complex oxide 
containing lithium is of the formula Li l0C M0 2 - 
(0^x<1), wherein M is a transition metal selected 
from the group consisting of Co, Ni, Fe, and Mn, or 
part of the transition metal is replaced by another 
kind of transition metal. 

In a preferred embodiment, a mixing ratio of 
the chain ester to the cyclic ester (chain 
ester/cyclic ester) is in the range of 1 to 9 by 
volume. 

A non-aqueous secondary electrochemical bat- 
tery comprises Lii. x M0 2 (0^x<1) for a cathode, a 
carbon material for an anode, and a non-aqueous 
electrolyte, wherein M is Co or part of Co is re- 
placed by another kind of transition metal, and 
wherein the non-aqueous electrolyte is obtained by 
dissolving at least one inorganic salt selected from 
the group consisting of lithium tetrafluoroborate, 
lithium hexafluorophosphate, and lithium perch- 
lorate in a mixed solvent containing ethylene car- 
bonate and diethyl carbonate. 



In a preferred embodiment, a mixing ratio of 
the diethyl carbonate to the ethylene carbonate 
(diethyl carbonate/ethylene carbonate) is in the 
range of 1 to 9 by volume. 

5 In a preferred embodiment, a mixing ratio of 

the diethyl carbonate to the ethylene carbonate 
(diethyl carbonate/ethylene carbonate) is in the 
range of 1 to 3 by volume, and the lithium hex- 
afluorophosphate is dissolved as a solute in the 

io mixed solvent. 

Thus, the invention described herein makes 
possible the objectives of (1) providing a non- 
aqueous secondary electrochemical battery which 
can prevent the electrolyte from decomposing, 

75 thereby protecting the layer structure of the carbon 
material; (2) providing a non-aqueous secondary 
electrochemical battery having improved cycle life 
capabilities; and (3) providing a non-aqueous sec- 
ondary electrochemical battery having improved 

20 discharge performance and low temperature perfor- 
mance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 This invention may be better understood and-, 

its numerous objects and advantages will become 
apparent to those skilled in the art by reference to 
the accompanying drawings as follows: 

Figure 1 is a cross-sectional view showing a 
30 typical structure of a coin-type battery according 
to the present invention. 

Figure 2 is a graph showing a discharge capac- 
ity of a battery used in Example 1 against dis- 
charge and charge cycle number. 
35 Figure 3 is a graph showing a post-charging 
internal resistance of a battery used in Example 
1 against discharge and charge cycle number. 

DESCRIPTION OF THE PREFERRED EMBODI- 
40 MENTS 

Figure 1 shows a coin-type battery of the 
present invention. A battery case 1 and a sealing 
plate 2 are both made of stainless steel. An anode 

45 collector 3 is made of nickel and attached to an 
inner surface of the sealing plate 2 by spot weld- 
ing. An anode 4 is formed by molding an active 
material mainly containing carbon and is pressed 
onto the anode collector 3. A separator 5 is a 

so micro-porous film formed from a polyolefin type 
resin having a void structure (a sponge structure) 
such as polypropylene, polyethylene or 
copolymers thereof. A cathode 6 is formed by 
molding a mixed agent containing a lithium-cobalt 

55 complex oxide (UC0O2) as its main active material 
and is pressed onto grid 7 made of titan. After the 
cathod 6 and the anode 4 are impregnated with 
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electrolytes, they are coupled through the separa- 
tor 5 and sealed with gaskets 8 made of poly- 
propylene. 

Example 1 

First, ethylene carbonate (hereinafter, referred 
to as "EC") which is a cyclic ester, and diethyl 
carbonate (hereinafter, referred to as "DEC") which 
is a chain ester, were mixed in the following vol- 
ume ratios to obtain solvents for electrolytes. Then, 
coin-type batteries were manufactured by using the 
solvents so obtained. Since the melting point of EC 
is 36.4 °C and it solidifies at around 20 *C, a bat- 
tery was not manufactured by using EC alone. As a 
solute for the electrolyte, lithium perchlorate was 
used so that the concentration thereof was 1 mol/l. 
However the concentration of the solute for the 
electrolyte using DEC alone was selected as 0.5 
mol/l, since DEC does not sufficiently dissolve the 



solute. 












Battery A ... 


EC : 


DEC 




0 : 


100 


Battery B ... 


EC : 


DEC 




10 


: 90 


Battery C ... 


... EC : 


: DEC 




20 


: 80 


Battery D ... 


EC ; 


DEC 




30 


: 70 


Battery E ... 


EC : 


DEC 




50 


: 50 


Battery F ... 


EC: 


DEC 




70 


: 30 


Battery G ... 


... EC 


: DEC 




90 


: 10 



The discharge-charge cycles were repeated 
100 times under the conditions that voltage for 
stopping charge and discharge were 4.2 V and 3.0 
V, respectively, at a constant current of 1 mA. The 
test was performed at 20 °C. The results are shown 
in Figures 2 and 3. 

As shown in Figure 2, the discharge perfor- 
mance deteriorates in the order of E, D, F, C, B, A, 
and G. When the chain ester was used at 100% 
with no addition of the cyclic ester or the cyclic 
ester was used at 90% with 10% of the chain 
ester, the discharge capacity was low. In the bat- 
tery A, the degradation of the capacity was low, but 
the absolute value of the capacity was the smallest. 
In the battery G, the average discharge voltage was 
substantially lowered with the repetition of the 
discharge-charge cycles, which appeared to be re- 
sponsible for the decrease of the capacity. 

Moreover, as is apparent from Figure 3, in the 
battery G, the post-charging internal resistance was 
substantially increased with the repetition of the 
discharge-charge cycles, which appeared to be re- 
sponsible for the decrease of the capacity. 

From the above results, it is noted that when 
the chain ester is used alone, the total amount of 
the discharge capacity of the battery is small be- 
cause of the high resistivity of the electrolyte. 
Moreover, when the cyclic ester is used in a large 
amount, the solvent is decomposed on the anode 
plate during charging. Then, the resistance of the 



plate is increased since the decomposed products 
are accumulated thereon and the discharge-charge 
reaction is partially concentrated on the plate due 
to the lack of an electrolyte, resulting in the de- 

5 crease of the capacity. 

Table 1 shows the states of electrolytes A to G 
when they were allowed to stand at -20 * C for one 
hour. In this table, the same reference marks as 
those of the batteries are used. At -20 'C, elec- 

10 trolytes F and G were solidified, and the solutes 
were deposited in electrolyte A. Accordingly, in 
order to obtain a battery which can operate at 
-20 °C, the mixing ratio of the solvents, i.e., 
DEC/EC, was preferably in the range of 1 to 9. In 

75 view of the internal resistance and discharge ca- 
pacity, the mixing ratio is preferably in the range of 
1 to 4. 
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was larger and the internal resistance was lower 
than those found in Example 1. It appeared that 
this phenomenon was due to the higher electrical 
conductivity of lithium hexafluorophosphate com- 
pared with lithium perchlorate. 

Table 2 shows the states of electrolytes A to G 
when they were allowed to stand at -20 *C for one 
hour. Since the lithium hexafluorophosphate was 
not readily dissolved in DEC, solutes were partially 
deposited in electrolytes A and B. That is, when 
the lithium hexafluorophosphate is used, a mixing 
ratio (DEC/EC) is preferably in the range of t to 4. 
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Example 2 

The same test as Example 1 was performed 55 
except that lithium hexafluorophosphate was used 
as a solute for an electrolyte, and the same results 
were obtained. However, as a whole, the capacity 



5 



9 



EP 0 482 287 A1 



10 





CD 


: solid 


r- 


CD 


solid 




cd 
to 


Liquid 


a 


CO 


Liquid;. 


o 


CD 

oo 


Liquid 




cd 


Liquid 
(a solulc 
is parlially 
dcposi led) 


< 


CD 

=\ 

CD 


Liquid 
(a solulc 
is parlially 
dcposilcd) 


Elcclrolylc 


DEC/EC 

volume ralio 


o 

« I 

CO «3 



From the results obtained in Examples 1 and 2, 
it is noted that the cycle life capabilities, discharge 
performance, and low temperature performance of 



the battery are improved by using a mixed solvent 
of a cyclic ester and a chain ester for a non- 
aqueous electrolyte. 

In the examples, the lithium-cobalt complex 

5 oxide represented by the general formula Li 1 . x Co02 
was used for a cathode active material. However, a 
compound containing lithium such as a lithium- 
manganese oxide represented by the general for- 
mula Li 1 . x Mn2 04, wherein at least part of Co or Mn 

10 can be replaced by another kind of transition metal, 
can also be used. 

Moreover, as a cyclic ester, propylene car- 
bonate, butylene carbonate, 7-butyrolactone, or a 
mixture thereof can be used. As a chain ester, 

15 dimethyl carbonate, methyl carbonate, ethyl for- 
mate, methyl formate, ethyl acetate, methyl ace- 
tate, dimethyl sulfoxide, or a mixture thereof can be 
used. As a solute for an electrolyte, other inorganic 
salts such as lithium hexafluoroarcenate, lithium 

20 trifluoromethanesulfonate, lithium tetrafluoroborate, 
or a mixture thereof can be used. 

It is understood that various other modifications 
will be apparent to and can be readily made by 
those skilled in the art without departing from the 

25 scope and spirit of this invention. Accordingly, it is 
not intended that the scope of the claims appended 
hereto be limited to description as set forth herein, 
but rather that the claims be construed as encom- 
passing all the features of patentable novelty that 

30 reside in the present invention, including all fea- 
tures that would be treated as equivalents thereof 
by those skilled in the art to which this invention 
pertains. 

35 Claims 

1. A non-aqueous secondary electrochemical bat- 
tery comprising a complex oxide containing 
lithium for a cathode, a carbon material for an 
40 anode, and a non-aqueous electrolyte, wherein 

said non-aqueous electrolyte is obtained by 
dissolving an inorganic salt in a mixed solvent 
containing a cyclic ester and a chain ester. 

45 2. A non-aqueous secondary electrochemical bat- 
tery according to claim 1, wherein said cyclic 
ester is at least one selected from the group 
consisting of ethylene carbonate, propylene 
carbonate, butylene carbonate, and 7- 

50 butyrolactone. 

3. A non-aqueous secondary electrochemical bat- 
tery according to claim 1, wherein said chain 
ester is at least one selected from the group 
55 consisting of diethyl carbonate, dimethyl car- 

bonate, ethyl formate, methyl formate, ethyl 
acetate, methyl acetate, and dimethyl sulfox- 
ide. 
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4. A non-aqueous secondary electrochemical bat- 
tery according to claim 1, wherein said in- 
organic salt is at least one selected from the 
group consisting of lithium tetrafluoroborate, 
lithium hexafluorophosphate, lithium hex- 5 
afluoroacetate, lithium trifluoromethanesul- 
fonate, and lithium perchlorate. 

5. A non-aqueous secondary electrochemical bat- 
tery according to claim 1, wherein said com- 10 
plex oxide containing lithium is of the formula 
Lh. x M0 2 (0^x<1), wherein M is a transition 
metal selected from the group consisting of 

Co. Ni, Fe, and Mn, or a plurality of transition 
metals including one selected from the group is 
consisting of Co, Ni, Fe, and Mn. 

6b A non-aqueous secondary electrochemical bat- 
tery according to claim 1, wherein a mixing 
ratio of said chain ester to cyclic ester (chain 20 
ester/cyclic ester) is in the range of 1 to 9 by 
volume. 

7. A non-aqueous secondary electrochemical bat- 
tery comprising, Li Vx M0 2 (0£x<1) for a cath- 25 
ode. a carbon material for an anode, and a 
non-aqueous electrolyte, wherein M is Co or 
part of Co is replaced by another kind of 
transition metal, and wherein siaid non-aqueous 
electrolyte is obtained by dissolving at least 30 
one inorganic salt selected from the group 
consisting of lithium tetrafluoroborate, lithium 
hexafluorophosphate, and lithium perchlorate in 

a mixed solvent containing ethylene carbonate 
and diethyl carbonate. 35 

8. A non-aqueous secondary electrochemical bat- 
tery according to claim 7, wherein a mixing 
ratio of said ethylene carbonate and diethyl 
carbonate (diethylcarbonate/ethylene carbon- 40 
ate) is in the range of 1 to 9 by volume. 

9. A non-aqueous secondary electrochemical bat- 
tery according to claim 7, wherein a mixing 
ratio of said diethyl carbonate to ethylene car- 45 
bonate (diethyl carbonate/ethylene carbonate) 

is in the range of 1 to 4 by volume, and said 
lithium hexafluorophosphate is dissolved as a 
solute in said mixed solvent. 

50 
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